ibiotalar fusion is considered to be the standard treatment for end-stage post-traumatic arthritis of the ankle. We report a retrospective, objective long-term study of the quality of life of 17 patients with 18 arthrodeses of the ankle, over a period of more than 20 years. We looked particularly for correlation between clinical and radiological signs of osteoarthritis in adjoining joints. At serial physical examinations, clinical grades were awarded according to the Olerud Molander Ankle (OMA) score. Any degree of degenerative change in the adjoining joints was recorded on standing radiographs. Patients filled out a SF-36 Health Survey form.
We present a study with one of the longest follow-ups regarding the functional outcome after arthrodesis of the ankle. Some patients fear a physical handicap and are afraid that they may not be able to walk after arthrodesis. 1 Good results have been reported after total ankle arthroplasty (TAA) achieving satisfaction rates between 61% and 88%. 2, 3 Others report high complication rates and poor results with cemented implants achieving satisfactory results as low as 19% and 24%. [3] [4] [5] We have not compared ankle arthrodesis with TAA, as today's surgical methods and implant designs continue to improve.
Most orthopaedic surgeons tend to recommend TAA for the elderly and an arthrodesis for the younger, more active patient. We ask if the risk of failure of a TAA is justified by the potential of an arthrodesis for the painful, stiff arthritic ankle; a procedure which has also been plagued with difficulties in the past. Surgeons fear nonunion, malalignment, infection and development of osteoarthritis in the neighbouring joints. During the normal gait cycle the ankle moves in the sagittal plane between 10˚ dorsiflexion and 20˚ plantar flexion. 6, 7 Takakura et al 8 reported results after tibiotalar fusion; they described a loss of dorsiflexion from a mean of 10.5˚ preoperatively to 4.2˚ at follow-up, and a mean loss of plantar flexion from 24.7˚ to 14˚. Also 16% of their 43 patients had a progressive osteoarthritis in the mid-tarsal joints and 32.5% had changes in the subtalar joint. The nonunion rate was 7% over a mean period of seven years. Despite the reduced ankle mobility the patients had a marked improvement of their clinical score with less pain, better walking ability and easier daily activities. Patients who had previously sustained a type B ankle fracture reported a diminished quality of life in comparison with an age-matched sample. A correlation between the Olerud Molander Ankle (OMA) score and the general health status SF-36 measure was found. The items for physical functioning, physical and emotional role function, vitality and mental health were distinctively lower. 9 Our series represents the longest follow-up study regarding the quality of life and the radiological development of osteoarthritic changes in neighbouring joints, and relating them to the functional outcome.
Patients and Methods
Only patients who were followed for at least 20 years (20 to 33) were included. The mean follow-up was 23 years; 17 (Table I ). The mean age at the time of injury was 30 years (14 to 45). The mean interval between injury and operation was six years (two weeks to 30 years). The mean body mass index (BMI) was 27.75 (SD 4.33). There was post-traumatic arthritis in 16 ankles. This included four ankles with post-traumatic osteitis and two early arthrodeses after pilon fracture and one severe equinus deformity with a congenital club foot. Table I lists the concomitant injuries and conditions in ten patients including fractures of the contralateral ankle, patella, femur or calcaneum, an arthrodesis of the ipsilateral knee and disabilities after a spinal cord injury.
External fixation with a Charnley compression clamp was used in 14 operations, a standard AO technique in two and simple screws in two. A revision was required in four ankles. At follow-up a clinical grade was given according to the OMA score where the subjective parameters of pain, stiffness and swelling and the functions of stair climbing, running, jumping, squatting and work or activities of daily life were scored (minimum 0, maximum 100 points). 10 The mid-tarsal mobility and alignment, and the varus-valgus position of the heel were also recorded. Pain was recorded on a Visual Analogue Scale (VAS). The Short Form-36 general health assessment was used to analyse the quality of life. As proposed by Morrey and Wiedeman, 11 the degree of degenerative arthritis in the subtalar and Chopart's joint was graded on standing radiographs; grade 0; representing a normal joint; grade 1, minimum narrowing and osteophyte formation; grade 2, moderate narrowing and osteophyte formation, and grade 3, gross deformity or ankylosis. Data were analysed using the SPSS program (SPSS for Windows).
For statistical analysis we used the two tailed signed rank and Pearson's correlation coefficient. The results for correlation analysis were considered significant if p < 0.05. 
Results
In 15 ankles the main indication for fusion was end-stage post-traumatic osteoarthritis (Table I) . This included four with chronic infection. Out of nine complications there were seven infections, one severe malalignment with early loss of correction, which required early surgical correction, and one nonunion which is thought to have been due to an allergic reaction to the osteosynthetic material. The position of the ankle and the range of movement were recorded. We judged the overall positioning to be poor, as a neutral position in the sagittal plane and a hindfoot varus of 5º to 10˚ is currently recommended; seven feet had an equinus deformity of 5º to 10˚ and eight of 11º to 20˚. Only three feet were in a neutral position. There were seven varus deformities and one valgus hindfoot. The range of movement was limited in every patient (Table II) . In six feet there was virtually no movement at the mid-tarsal joint, including the patient with clubfoot, in whom a pantalar arthrodesis was undertaken 14 years after tibiotalar fusion. Eight feet were judged to have retained 25% of the normal range at the mid-tarsal joints, three 50% and one, 75%.
The mean radiological score for the grade of degenerative osteoarthritis at follow-up (Fig. 1 ) was 2.7 ± 0.75 (1 to 4). The mean for the subtalar joint was 3.1 ± 0.54 (Fig. 2) and for the talonavicular joint 2.3 ± 0.83 (Fig. 3) .
Subjectively, all patients remain satisfied with the outcome. Half had either only minor restrictions of activities of daily living or none. All patients, except the one with a spinal cord injury, are still employed; 44% returned to their pre-injury occupation but others changed to lighter employment although still undertaking manual labour. One third regard their professional handicap as "moderate" and one third as "significant". The degree of degenerative arthritis for 17 patients 20 years after ankle arthrodesis, determined from standing radiographs as proposed by Morrey and Wiedmann. 11 Fig . 2 The degree of degenerative arthritis of the subtalar joint. The degree of degenerative arthritis of the talonavicular joint of 16 patients, 20 years after ankle arthrodesis. Custom-made shoes were required by 14 patients (Table  II) . Two use a walking stick and the patient who sustained a spinal cord injury in the accident, still needs crutches. Walking distances were reduced in relation to the severity of pain. Three patients can walk less than 1km and one 1.5 km.
As shown in Figure 4 , the mean OMA score was high with 59.4 ± 16.85 points (30 to 100). The mean pain on the VAS was 1.99 ± 1.77 (1 to 10). The scores for quality of life, when assessed and compared with an age-matched normal population using the general health score SF-36, were lower; but not significantly different (signed rank-test, two tailed) for physical activity ( (Fig.  5 ). There was a significant correlation between the functional outcome as determined by the OMA score and the radiological degree of osteoarthritis in the subtalar joint (-0.563), but not in the mid-tarsal joints (-0.387); but the overall clinical and radiological correlation was significant at -0.591. The functional outcome and the SF-36 score were significantly correlated at 0.617 (p = 0.01). There was no significant correlation between the radiological parameters and the quality of life score (p = 0.240). The degree of degenerative changes in the subtalar, and the mid-tarsal joints did not correlate with the SF-36. The BMI, and varus/valgus angulation were similarly unrelated to the clinical score.
Discussion
This series represents the longest follow-up study of arthrodesis of the ankle examining the quality of life and the radiological changes of osteoarthritis in relation to the functional outcome. Despite many concomitant injuries and post-surgical complications, all patients were satisfied with their ankle arthrodesis. Overall complication rates of up to 60% and nonunion rates between 5% and 37% have been reported. [12] [13] [14] [15] To date the literature relating to open surgery shows a reducing rate of complications with fewer infections and nonunions and shorter times required for external support. 4, [15] [16] [17] Seven of the patients in this study developed an infection, although in four, a chronic infection had been the indication for arthrodesis. Half of the patients reported that they were slightly or not limited in activities of daily living, although 61% had suffered a post-surgical complication.
One of the most common complications is the development of degenerative changes in the subtalar and mid-tarsal joints, found in between 10% and 60% of patients. 18 Hallock 19 reported early post-surgical degenerative changes in the adjoining joints, within a mean of 4.4 years and Schaap, Huy and Tonino 20 showed their relevance to the functional outcome. In the series with the longest follow-up, Coester et al 18 reported a similar result with 67% of their patients being satisfied with the overall outcome and 88% declaring that they would have the procedure again under the same circumstances. Furthermore, they found accelerated osteoarthritis in the adjacent tarsal joints, in contrast to the uninvolved foot. We found a greater tendency for degenerative changes in the subtalar joint (3.1 points) than in the mid-tarsal joint (2.3 points). Analysis confirmed a correla- The Olerud Molander ankle score for 17 patients, 20 years after ankle arthrodesis.
Fig. 5
The SF-36 status health measure for 17 patients, 20 years after ankle arthrodesis.
tion between the clinical outcome and the degree of arthritis in the subtalar joint, but not the mid-tarsal joint. Lynch, Bourne and Rorabeck 21 reported the return to activities of daily living in all 44 patients in their series at seven years. Morgan et al 22 showed a good outcome in 80 of 101 patients followed for ten years. Although the elderly patients showed some degenerative changes in the adjoining joints, any correlation with the symptoms was uncertain.
Analysing each item of the quality of life score, we found that an age-matched healthy population was no better than the patients in regard to psychological and social competence. No significant differences were found for physical capability and overall well-being. On the whole, the correlation analyses revealed a high significance between the clinical outcome (OMA) and the quality of life. This reflects the importance of the outcome, in contrast to the radiological score, which did not correlate with the SF-36 score. Therefore, degenerative changes in the adjoining joints, especially the subtalar, have a significant impact on the clinical result and a significant correlation with the quality of life score. The radiological results were less important for the quality of life.
We recommend surgical fusion in the younger, active and demanding patient and reserve the uncertain outcome of replacement arthroplasty for those with a sedentary life style.
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